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Abstract. This articleexploresthe potential for environmental sustainability in 
the rapidly growing industry of Could Computing. By understanding the Cloud 
as a commercially driven endeavor, we unearth the motivations that drive the 
growth of the burgeoning industry.  We go on to explain the impetus behind 
many of the Data Center innovations that Cloud Computing has brought about. 
We show that these innovations are why the Cloud has been heralded as a form 
of Sustainable Computing.After exploring the technologies endorsed and 
innovated by Cloud Computing, the article proceeds todiscuss some of the 
potential downfalls inherent to propagating a commercially driven, yet 
environmentally sustainable industry. Lastly, the paper discusses the role that 
we, the consumer, play in shaping the environmental sustainability of the digital 
storage industry.  
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1   Introduction 
We live in an era of incredible innovation. The speed of this innovation is 
almost overwhelming. There are few among us who have not felt the remorse brought 
about from buying a brand new smartphone or flat-screen TV only to learn days later 
that a sleeker, fancier model has been announced. This type of rampant technological 
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growth defines the past few decades. Landlines have given way to cellphones. Dial-up 
modems are all but extinct. Wi-Fi flows wherever there is coffee (just be careful 
asking for ‘Java’). High-schoolers can become ‘friends’ with a single click and a 
series of hash-tags is currently creating the next big, yet brief, internet trend. The 
speed of change is hard to keep up with and impossible to ignore. #innovation 
Constantly evolving gadgets, software applications and websites have 
become an integral part of daily life. This has created a society in which technology is 
no longer optional. The mail cluttered kitchen counters of our parent’s generation 
have been replaced by our own poorly managed and often overflowing digital 
inboxes. Our computers act as our rolodexes, our file cabinets, our calendars, book 
shelves and CD collections. The stuff that used to be jumbled around our homes now 
fills our hard drives. The movement to the digital environment has altered the way 
that we think about storing information. Fifteen years ago, nobody would have 
concerned themselves with bringing two thousand CD’s and fifty seven books on a 
two hour train ride. The advent of smart phones and tablets has changed our 
perception of accessibility. We want everything we own to be everywhere we go, and 
we want to be able to access it instantly. The rigid upload/download format of 
yesteryears MP3 players has given way to a far more dynamic interface of personal 
data storage; the cloud.   
Entire archives of data, artwork, and entertainment flow through a network 
of revolving doors that connect millions of computers, phones and handheld devices 
around the world. The sheer magnitude of data has turned ‘space’ into a digital 
commodity. It is sometimes easy to forget that this data does not just magically float 
around in the sky. The premium placed on space has created an entirely new storage 
industry. Data centers, or server farms, have begun to pop up all over the United 
States, Europe and Asia. These data centers power the cloud. Without them, there 
would be no Spotify, no Amazon Web Services, or Google App Engine. Every 
megabyte of information ‘floating’ in the Cloud is stored in one of these servers [1]. 
This means that as the Cloud continues to grow, more and more data centers will be 
designed, built, and utilized. This growth represents incredible commercial 
opportunity. We are already beginning to see a mad dash for tech companies to 
provide Cloud services. But the Cloud model embodies more than just economic 
potential. This new industry could very well help usher in a new age of corporate 
responsibility and environmental sustainability. 
The way that data centers are designed, built, and utilized will determine 
both the economic and environmental potential of Cloud Computing. As the industry 
grows it has the capability to redefine standard best practices in the field of 
Sustainable Computing. Energy efficient data center design and innovative server 
technologies have seemed to evolve alongside the rapidly growing Cloud but these 
practices are in no way guaranteed. As with all commercial endeavors, profitability 
will inform practice. In the rampantly growing industry of digital storage, economic 
viability will supersede environmental ideology. The potential for the Cloud to usher 
in a new era of Sustainable Computing will rely not on ethical responsibility, but 
instead on dollars and cents. The question is not whether the ethicality of the Cloud 
can stand up to corporate consumerism but instead whether the two coincide.  
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2Sustainable Computing 
The field of Sustainable or ‘Green’ computing is  "the study and practice of 
designing, manufacturing, using, and disposing of computers, servers, and associated 
subsystems—such as monitors, printers, storage devices, and networking and 
communications systems — efficiently and effectively with minimal or no impact on 
the environment[3]”. While this definition sums up many of the goals of Sustainable 
Computing there is another side of the environmental endeavor that often gets 
overlooked. Sam Murugesan, the author that provided the aforementioned definition, 
writes that “Green IT also strives to achieve economic viability and improved system 
performance and use, while abiding by our social and ethical responsibilities [3]”.This 
aspect of Sustainable Computing perfectly depicts what it is that makes the Cloud so 
interesting.The future of Sustainable Computing depends on the potential of economic 
viability. The mere practice of designing, using and disposing of hardware in an 
environmentally friendly way will not, in itself, provide an incentive for large-scale 
change. The same can be said for Data centers. If the green option is more expensive 
or less effective it will be unable to compete in the market. Cut-throat corporations are 
not going to trade economic viability for environmental sustainability. While this may 
seem problematic for green computing and the future of the Cloud, economic viability 
and environmental sustainability are not mutually exclusive.  
3Incentives for Cloud Computing 
A survey conducted by Sun Microsystems Australia involving 1,500 
responses from 758 large and small organizations in Australia and New Zealand, 
found that reducing power consumption and lowering costs were the major reasons 
that companies chose to incorporate environmentally responsible practices. The 
environmental impact of these practices was something of an afterthought [4]. 
Businesses prioritize environmental sustainability if and when it is cost effective. 
When corporate concerns (cost and profit) align with sustainable practices the 
motivation for these practices need not matter. Sustainable Computing on the 
corporate level does not need to be a morality contest. Corporations will choose eco-
friendly practices when they are the most cost effective. That is the bottom line. The 
environmental benefits are merely a byproduct. 
This is where the innovations of Cloud Computing come into play. The 
Cloud presents a potential for economic viability and Sustainable Computing to 
coincide. In the past, corporations, both large and small, relied on small on-site data 
centers. That meant that in some form or another, companies were forced to use office 
space to physically house their servers. The databases, websites, and software that 
allowed businesses to function were all stored in these localized servers. Any loss of 
server functionality was potentially devastating; an onsite crash could instantly 
debilitate a business. This meant that corporations had no choice but to heavily invest 
in the maintenance and upkeep of their onsite data centers. Every localized data center 
needed its own team of IT professionals to provide technical support for the servers. 
In addition to these IT professionals, these small in-house data centers required 
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housing specifications and environmental control systems that far exceeded the 
ordinary demands of generic office space [5]. Insulation and temperature control was 
vital to preserving optimal functionality. The introduction of Cloud Computing 
mitigates most, if not all, of these costs.Companies can spend less on IT professionals, 
optimize office space and, most of all, avoid incredibly inefficient energy 
expenditures.  
By outsourcing digital storage, companies are able to streamline 
costs.According to a recent research report by Accenture, small businesses 
experienced a reduction in emissions of up to 90 percent while using Cloud resources. 
Additionally, large corporations also saw improvements of 30-60 percent in carbon 
emissions while using Cloud applications[6]. But why is the Cloud environmentally 
beneficial? It would seem that it just moves energy expenditure from one place to 
another. The Cloud model simply replaces two million, small-business onsite data 
centers with a few massive server farms. Perhaps there are fewer data centers but the 
amount of information that has to be stored is still the same. This would seem to 
suggest that the same amount of servers, and therefore, the same amount of net energy 
would still be required. After all, the sum of the parts is always equal to the whole. 
While it is hard to say that this line of thought is not highly logical, it is also flawed. 
The truth is that Cloud Computing represents far more than just a geographical 
relocation of data centers. Technological innovations brought about by the Cloud are 
changing the way that servers are stored and utilized. It is these innovations that are 
minimizing energy expenditure and therefore aligning corporate incentive with 
environmental ethicality.  
4Innovations in Cloud Based Data Centers  
Emerging standard best practices are enabling Cloud based data centers to 
become increasingly energy efficient. Pre-Cloud on-site data centers were designed to 
handle sporadic peak loads. The problem with this approach is that during non-peak 
hours there was no way to reduce operational functionality. This reduced resource 
utilization resulted in wasted energy.  Data centers that use emerging cloud practices, 
on the other hand, can greatly increase resource allocation through server 
consolidation. Different companies can share the same server using a parallel 
processing and partitioning method called virtualization. This practice helps alleviate 
energy consumption that would have otherwise been spent on the electrical costs of 
running a local server during non-peak hours. As workloads are consolidated onto 
partitioned servers, unused servers can be switched off.  Before virtualization, this 
approach was impossible. Each server in an onsite data center had its own data, its 
own files and therefore its own function. It is only the dynamic partitioning of 
virtualization that allows for the ebb and flow of server consolidation to conserve 
energy [7].  
The innovations brought about by Computer Science are in themselves 
remarkable, but the Cloud also presents a potential for sustainability that is far more 
intuitive. Other than the power required to physically run the servers, the largest 
energy expenditure experienced by data centers is the cost of temperature control [8]. 
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Before the Cloud, data centers were generally a converted room or collection of 
rooms in an office building. The center was almost certainly retrofitted to house 
servers; it was not the original purpose of the structure. The state-of-the-art server 
farms that are now being utilized by companies that provide Cloud services are cut 
from a very different cloth. Buildings are being designed for the sole purpose of 
storing servers. The energy costs of cooling the servers can be alleviated by choosing 
sites that remain cold throughout the year. Harnessing wind, shade, water, and ground 
temperature can help lessen operational costs. Due to the energy demands inherent to 
data centers, infrastructure siting is becoming increasingly dictated by climate and 
resource allocation. Investing in these state-of-the-art centers is not cheap but 
companies that provide Cloud services seem to be increasingly willing to take this 
approach; spend now to save later [9].  
5   Concerns for Future Sustainability 
Data-centers are the infrastructure of Cloud Computing. They play an 
integral and inevitable part in the business of digital storage. By taking climate and 
ecological factors into account, data centers are able to reach new levels of energy 
efficiency. This green infrastructure is not only cost effective, but it also provides a 
strong anchor for the future of Sustainable Computing. After all, these new data 
centers are the roots on which the Cloud must grow. But a recent Greenpeace report 
released in April of 2012 is far more skeptical about the inherent greenness of “the 
factories of the 21st century information age. [9]” Weary of the potential downfalls of 
massive data centers and the large corporations that own them, the Greenpeace report 
stresses the importance of energy transparency, infrastructure siting, and the use of 
clean/renewable energy. While the findings do suggest a trend towards corporate 
environmental advocacy, the report also argues that the Cloud phenomenon is not 
necessarily, in and of itself, eco-friendly.  
It should come as no surprise that the issue is energy. The electrical cost of 
maintaining the aggregated digital information at present is already beginning to 
become astronomical. The expected growth of Cloud Computing over the coming 
years will dramatically increase this cost. According to the Environmental Protection 
Agency, “data centers now account for 1.5 percent of all electricity consumption in 
the U.S. and by 2020, carbon emissions will have quadrupled to 680 million tons per 
year, which will account for more than the aviation industry [10]”. Furthermore, a 
recent estimate of the IT sector’s footprint conducted as part of the 2008 SMART 
study concluded that data centers will be responsible for 2% of global GHG emissions 
by 2020 [11]. Incredibly, the Greenpeace report also estimates that the industry will 
experience “a 50-fold increase in the amount of digital information by 2020 and 
nearly half a trillion in investments in the coming year [11]”. 
These numbers are staggering. They illustrate the profound technological and 
commercial role that Cloud computing will play in the coming years. In the face of 
such rapid expansion, Greenpeace, and many others, worry that Cloud providers will 
become increasingly fixated on lowering the operational energy costs of their data 
centers. There is no question that infrastructure siting and design innovations will help 
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accomplish this but in business, profit informs growth. State-of-the-art data centers 
are expensive and take years to begin to pay for themselves. In the mad dash to take 
up Cloud market shares there is a strong possibility that rising energy costs will be 
mitigated by purchasing cheaper fuel. Infrastructure siting is not just about harnessing 
climatic features; it is heavily influenced by geographical resources. A company that 
decides to build a new data center in West Virginia is doing so because of the price of 
coal, not because of the cool mountain air.  
If coal becomes the main fuel source of data centers, the environmentally 
friendly practices innovated by Cloud technologies will be vastly overshadowed by 
the sheer quantity of greenhouse gases produced by the industry. Energy efficient 
techniques like workload consolidation and virtualization will not be enough to level 
out the environmental impact [12]. Fuel is the one fundamental issue in Cloud 
Computing in which economic viability does not align with sustainability. If data 
centers turn to coal, Cloud Computing will cease to be “ethically responsible”. The 
potential for a new age of Sustainable Computing brought about by the burgeoning 
Cloud will fall by the wayside. Simply put, a Cloud industry that garners the majority 
of its fuel from coal will be environmentally disastrous. 
6   Consumer Ethicality  
With the continual growth of the internet and the increasing market share of 
server-dependent companies, the demand for Cloud technologies and data centers is 
going to increase substantially. Cloud computing is in its embryonic stages. The 
possibilities are in many ways limitless, but as everyday consumers become 
increasingly accustomed to the possibilities of the Cloud, the temptation for data 
centers to tap cheap energy sources will prove difficult to resist. Low energy costs 
have the potential to subvert high energy efficiency. Cheap fuel will equal cheap 
digital storage. In an industry dictated by profit, it would seem that this business 
model would be difficult to combat. If offered the option to pay five cents or ten cents 
for a gig of space which would you choose?  For the past few years Greenpeace has 
issued environmental report cards for Cloud Service Providers. Companies like 
Amazon and Twitter have literally failed in multiple categories. Yet, these are two of 
the most profitable companies in the Tech industry [11][13] [14].  
As the Cloud continues to grow, economic viability will determine the 
policies and practices ofservice provider data centers. It is easy to say that large 
corporations should do more to protect the environment, but what is our role in all 
this?At the end of the day, it is not Google or Greenpeace that will decide the future 
of environmental sustainability in digital storage. It is the end user. It is whether or 
not we care. If the environment matters to the end user it will be economically 
advantageous to design, build, and utilize data centers in a way that coincides with the 
principles of Sustainable Computing. If the end user does not care, following these 
principles will cease to be economically pragmatic.  
Companies like Yahoo, Facebook, and Google are spending millions of 
dollars on new, state-of-the-art, ultra energy-efficient data centers. By tapping 
renewable energy sources like nuclear, wind and solar, these companies are making 
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strides to help ensure that the Cloud remains a green enterprise [15]. Their actions set 
the bar high for others to follow, but these are companies that are never too far from 
the public eye. Appearing environmentally trustworthy is good for business. But 




7   Conclusions 
  
 We use the Cloud to make our lives simpler—more streamlined, organized 
and accessible. Cloud Computing allows us to clean off our kitchen counters, throw 
out our scratched old CD’s, and travel anywhere in the world with a library in our 
pocket. But rarely do we stop and think about the cost of this convenience. Rarely do 
we consider the equation in its entirety. What is the cost of this digital information? 
Within the Cloud, every undeleted email, every blurry family picture, every 
video of a cat wearing socks, is stored on a server.Innovations in server technology 
along with data center design and utilization have helped forge a digital storage 
industry that is environmentally responsible and economically profitable. The Cloud 
has brought about innovation in infrastructure siting, workload consolidation, and 
server virtualization.But, the rapid growth of the industry has the potential to 
undermine the environmental benefits of these innovations. The Cloud is an energy 
hungry enterprise. If data centers turn to coal as the main source of energy, the Cloud 
will cease to be ‘green’. 
We as consumers hold the key tothis green potential. The industry of Cloud 
Computingwill become whatever we make it. Our decisions, our values, our beliefs, 
and, most of all,our dollars, will determine the future of the Cloud. The consumer will 
ultimately define the practices that are profitable.  If cheap storage powered by coal is 
demanded, the market will be sure to supply it. While this understanding of the Cloud 
may lack a certain ideological flare for the ethics of capital markets, it in no way 
condemns the Cloud to a future of bleak possibilities. We as consumers should care 
about the environment, and perhaps we will. But the Cloud will not stay green 
because it ought to, or because Sustainable Computing is ethically correct. The Cloud 
will stay green if and only if it is economically viable.  
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